Method:
halide perovskite powder. For spin-coating, we prepared 40 wt% MAPbI 3-x Cl x mixed halide perovskite solution with 10 vol% HI (57% in water, Aldrich) additive by mixing 0.1 mL HI additive and MAPbI 3-x Cl x powder in 1 mL DMF (N,N-dimethylformamide: Adrich) at 60 o C.
Device fabrication
For planar type MAPbI 3-x Cl x mixed halide perovskite solar cells, a ~50 nm-thick dense TiO 2 electron conductor was deposited on a cleaned F-doped SnO 2 (FTO, Pilkington, TEC8) glass substrate by spray pyrolysis deposition (SPD) method with 40 mL of 20 mM of titanium diisopropoxide bis(acetylacetonate) (Aldrich)/iso-propanol solution at 450 o C. A 0.1 mL of 40 wt% MAPbI 3-x Cl x /DMF solution with HI additive (40 wt% MAPbI 3-x Cl x solution in DMF/HI = 1 mL/0.1 mL) was then spin-coated on the TiO 2 /FTO substrate at a specific spin speed (500, 1000, 1500, 2000, 2500, and 3000 rpm) for 200 s and the resulting film was dried on a hot plate at 100 o C for 2 min in air under 35 % relative humidity.A poly(triaryl amine) (PTAA, EM index) hole conductor was deposited on the MAPbI 3-x Cl x /TiO 2 /FTO substrate by spin-coating PTAA/toluene (15 mg/mL) solution with 7.5 μL Li-bis(trifluoromethanesulfonyl)imide (Li-TFSI)/acetonitrile (170 mg/mL) and 7.5 μL tert-butylpyrridine (t-BP)/acetonitrile (1 mL/1 mL) additives at 3000 rpm for 30 s. Finally, ~60 nm-thick Au counter electrode was deposited by thermal evaporation.
We used all chemicals as received.All experiments were conducted at ambient atmosphere under controlled realtive humidity below 35 %.The active area was fixed to 0.16 cm 2 .
Device characterization
The current density-voltage (J-V) curves were measured by a solar simulator (Peccell, PEC-L01) with a potentiostat (IVIUM, IviumStat) at under illumination of 1 sun (100 mW/cm 2 AM 1.5G) and a calibrated Si-reference cell certificated by JIS (Japanese Industrial Standards). The J-V curves of all devices were measured by masking the active area with metal mask of 0.096 cm 2 .
To measure the hysteresis of J-V curves, the forward and reverse scan rate was set to 10 mV/0.2s as a standard condition and was varied from 10 mV/0.1 s to 10 mV/1 s. The external quantum efficiency (EQE) was measured by a power source (ABET, 150W Xenon lamp, 13014) with a monochromator (DONGWOO OPTRON Co., Ltd., MonoRa-500i) and potentiostat (IVIUM, IviumStat). Intensity-modulated photocurrent and photovoltage were measured by potentiostat (IVIUM, IviumStat) with light emitting diode (LED) (IVIUM, IM1225). 
